The large antigenic diversity (over 2,300 serotypes) expressed by SalmoneUla strains can probably be observed at the genetic level. The phase 1 flagellin gene fliC was amplified, and the amplified fragment was cleaved with a mixture of both endonucleases TaqI and ScaI. The restriction patterns observed allowed differentiation of flagellar types b, i, d, j, l,v, and z1o. Flagellar group g (g,m, g,p, or g,m,s) could be differentiated from the other flagellar types. Flagellar types r and e,h could not be separated, although they could be distinguished from the other flagellar types studied. Practical applications of flagellar gene restriction are the distinction between serotype Gallinarum-Pullorum, which carries a cryptic gene for flagellar type g,m, and nonmotile Vi-negative variants of serotype Typhi, and the tentative assignation of nonmotile variants of Salmonella serotypes to a flagellar type.
Salmonella serotypes to a flagellar type.
There are presently 2,324 different Salmonella serotypes (5) . In practice, only a limited set is really prevalent. For example, 15 serotypes made up 83.2% of the 12,726 clinical isolates studied at the French National Salmonella Center in 1991 (2) . Serotypes Enteritidis and Typhimurium alone represent 71.9% of the clinical Salmonella isolates.
Although serotyping offers a very precise and reliable method for differentiating Salmonella strains, identification of the complete set of serotypes is a time-consuming process and requires the use of 167 specific serum samples. With the expanding availability of molecular biology methods, it is tempting to unveil the antigenic diversity where it is coded for, i.e., on the DNA. Most Salmonella strains possess two structural genes (fliC and fliB) coding for flagellins. No more than one of these structural genes is expressed at a time in one bacterial cell. Nonmotile strains generally possess the structural genes but are unable to build up a functional flagellum (4) . Early genetic studies have shown the nonmotile serotype Gallinarum-Pullorum to have a structural gene for type gm flagellin (12) . Several sequences of the gene coding for phase 1 flagellin (fliC) have been published (3, (7) (8) (9) (10) (11) , and some are under study in our laboratory. The remarkable feature of fliC alleles is the sequence conservation of distal parts of the gene, thus making the gene of any serotype suitable for easy amplification.
The purpose of the present study was to differentiate the phase 1 flagellar genes of the major serotypes by a simple method, restriction of the amplified fliC gene.
MATERUILS AND METHODS
Bacterial strains. The strains used in the present study are listed in Table 1 . FNSC strains were from the French National Salmonella Center (located in our laboratory). All other strains were from the Collaborating Center for Reference and Research on Salmonella, World Health Organization (also located in our laboratory).
DNA extraction. Bacterial DNA was prepared as described by Brenner et (Fig. 2) with the enzymes TaqI and Scal proved to be efficient for differentiating the phase 1 fiagellin type i from the phase 1 flagellin type r. The fragment sizes were consistent with the sizes calculated on the basis of restriction maps, which were obtained from the published sequences of serotype Typhimurium (Hi-i) (9) and serotype Rubislaw (Hl-r) (11) . Further differentiation could be obtained when the restriction fragments were separated on a 2% agarose gel for a longer period of time (overnight at 30 V). The longer migration time made visible the size difference between the largest frag- To establish the restriction patterns offliC genes as a tool for identifying the major phase 1 flagellar antigens on a genetic basis, it is necessary to examine the restriction profiles of more strains with a complete or incomplete serotype. The validation of the amplification-restriction approach will require a few years of work to ensure that no rare flagellar types mimic commonly encountered flagellar types. It is too early in the development process to compare the relative costs of serotyping and amplification-restriction. The material is obviously more expensive on the amplification-restriction side, but the labor costs can be reduced by automation.
We can foresee with excitement the day when the major Salmonella serotypes are identified by restriction of amplified genes which code for flagellar antigens and those which are associated with the synthesis of somatic antigenic factors.
